Objective To evaluate implementation of the National Essential Medicines Scheme (NEMS) in rural China.
Introduction hospitals and 58.1% of village clinics had implemented the policy. 19 In addition, by 2010 90.2% of (urban) districts and 94.7% of (rural) counties had made medicines on the National Essential Drugs List reimbursable by health insurance schemes. 20 This important element of the NEMS transfers final payment for drugs on the National Essential Drugs List, when used at the grassroots level, from patients to insurers, who are mostly government-funded. In this way, equity is enhanced. Finally, to regulate the marketing and distribution of essential drugs, the NEMS requires province-wise, collective, public (online) bidding and procurement for medicines on the list.
Four elements -the National Essential Drugs List, the grassroots zero-mark-up policy, reimbursements for drugs on the list and public procurement -constitute the core of China's recent pharmaceutical reform. However, the official documents for this reform provide only guiding principles that encourage the local adaptation and piloting of the NEMS, 21, 22 including the use of the National Essential Drugs List (now widely augmented 14, 23 ) and strategies to compensate health-care providers for income lost as a result of the zero-mark-up policy.
In a pre-reform pilot study of the NEMS that was conducted in three urban areas, the zero-mark-up policy was handled in various ways by the local health-care providers but decreases in the total retail price of the drugs used and in mean cost per prescription and per clinical visit were observed. 5 The monitoring and evaluation of China's most recent healthsector reform are critical to the reform's success and are being encouraged by the government. 16 Although the NEMS has now been almost universally introduced, the effects of its introduction in rural China have not been widely investigated. In a recent evaluation, 22 China's NEMS was viewed as a dynamic process with multiple and unpredictable stakeholders interacting in a complex conceptual framework. In the present study, which was based on selected health facilities at the grassroots level, various methods were used to explore the implementation and financial and operational impact of the NEMS and to record the views of the health-care providers and patients affected by it.
Methods
There were six main study areas: two rural counties in Ningxia province (which covers 66 400 km 2 in north-western China), two rural districts in Chongqing province (which covers The use of several research methods enabled collection of both quantitative data, such as the impact of the NEMS on costs, fees and prescribing patterns, as well as qualitative information, such as the views and opinions of patients, health-care providers and local health authorities. 24 Although the main aim was to evaluate how the NEMS had affected various quantitative measures of health care, an important secondary goal was to explore how different locations were implementing a scheme for which only general principles had been outlined. 22 The collection of both quantitative and qualitative data has recently been recommended for health policy and systems research. 25, 26 The analytical approach to be followed was established in advance (Appendix A, available at:
http://www.12320.gov.cn/12320dt/show.jsp?id=5141).
After a thorough literature review and a seminar attended by rural health specialists from government and academia, we prepared a questionnaire and guidelines for in-depth interviews and focus group discussions (Appendix A). These research instruments were designed to assess, both quantitatively and qualitatively, the implementation of the NEMS and its impact on health facilities, health personnel (i.e. managers of county/district health bureaux, directors of township hospitals and doctors in township hospitals and village clinics), and rural residents (represented by a convenience sample of patients with chronic disease who lived near the surveyed facilities). Each instrument was improved after pretesting in rural districts near Beijing.
The questionnaire was sent to the six county/district health bureaux in the study areas and then distributed by bureau staff to four township hospitals in each county/district and, in Ningxia only, to four village clinics in each participating township. The hospitals and clinics receiving the questionnaires were selected at random. The questionnaire sought information on the workforce, workload, revenue, access to subsidies and expenditure of each surveyed facility. Members of the survey printed out completed questionnaires and collected them from the respondents. Every e-mailed questionnaire was completed and returned.
Focus group discussions were facilitated by experienced interviewers (rural health specialists and Ministry of Health officials) and two trained investigators (CY and GSF).
These discussions focused on the implementation of the NEMS and its effects on operations, workloads, incomes and drug costs, expenses and financing. Three focus group discussions were held per township; each involved local residents and doctors from township hospitals and village clinics. Although village clinics in Chongqing and Tianjin were not sent questionnaires (because, at the time of the study, the NEMS had not been implemented at the village clinic level in these provinces), five or six randomly selected village doctors from each township surveyed in these areas participated in the focus group discussions and indepth interviews. Additional focus group discussions were conducted with the health officials from county/district and provincial health bureaux responsible for drug administration, rural health, the rural cooperative medical (insurance) scheme and maternal and child health. We sorted the information from the discussions with patients, hospital and clinic staff and health officials by place of residence, type of facility and level health system level (i.e. district, county or province). On average, eight staff members, officials or patients participated in each discussion, which lasted 60-90 minutes.
Each in-depth interview involved an interviewer (CY, YL or GSF) who had been trained by specialists in interviewing techniques, and a single interviewee. The aim of each interview was to determine the interviewee's views on the financial aspects of the NEMS and on its impact, if any, on the interviewee's work, workplace and health services. We recruited interviewees from among those participants in the focus group discussions who were considered to have been most affected by the NEMS and/or to have the most experience within the health system, or among those who had raised specific issues during the discussions. We conducted in-depth interviews with one official from each county/district health bureau investigated, 69 doctors from township hospitals, 70 village doctors and 120 patients with chronic disease (Appendix A).
Data on the finances and service provision of the surveyed township hospitals and village clinics were collected for two periods: the period (of 2 months in Ningxia and 3 months in Chongqing and Tianjin) since the zero-mark-up policy had been implemented (the "post-implementation period"), and the corresponding 2-or 3-month period of the preceding year (the "pre-implementation period"). We investigated total income, income from financial aid, drugs and medical services, expenditure on medical services and drugs, compensation mechanism (post-implementation), numbers of outpatients and inpatients, and the inpatient records and expenditures of patients with pneumonia or gastroenteritis. We compared doctors' caseloads (numbers of outpatients and inpatients) and income in the preand post-implementation periods and investigated doctors' post-implementation compensation for the zero-mark-up policy.
Before the survey, the research plan, questionnaire and guidelines for the discussions and interviews were approved by the Chinese Ministry of Health and by the provincial and county/district health bureaux that were to be investigated. The participants could not be identified from the data that were recorded and all participants gave their informed consent.
We recorded information from prescriptions in an Excel (Microsoft, Redmond, United 
Results

Implementation of the NEMS
In the post-implementation study periods, all of the surveyed areas were implementing the NEMS. However, Chongqing and Tianjin had only implemented it in township hospitals, whereas Ningxia had implemented it in township hospitals and village clinics.
Drug procurement and supply
Before the NEMS was implemented, most township hospitals and village clinics procured drugs directly from suppliers at variable prices. Following implementation of the NEMS, each province/municipality established unified bidding, purchasing and supply procedures for drugs sold in township hospitals (and, in Ningxia, in village clinics) ( Table 1) . Although prices varied, most fell below the nationally established "ceiling" prices for the drugs because suppliers were competing for government contracts. However, interviewees revealed that the ceiling prices for some drugs were higher than the corresponding prices that health-care providers had paid before local implementation of the NEMS. In one district, ceiling prices for nearly 70% of the drugs on the National Essential Drugs List were found to be higher (typically 16-25% higher but up to 300% higher) than the pre-implementation prices paid for the same drugs. Suppliers were still allowed to add unregulated transport charges to procurement costs and this could raise the prices paid for drugs by patients. In addition, county officials reported that some manufacturers had become reluctant to produce certain drugs because the corresponding ceiling prices had been set too low for a satisfactory profit.
These post-implementation changes had had a negative impact on the reliability of the supply of several drugs on the National Essential Drugs List. For example, 30.4% of the patients who were interviewed said that, following implementation of the NEMS, essential drugs for diabetes and hypertension had become difficult to obtain at township hospitals; 11.5% of such patients reported similar problems with the purchase of other drugs. Although all the drugs involved were always available at county hospitals, they were relatively expensive when bought from such facilities because of the mark-ups that were permitted at this level of the health system. These problems were confirmed by doctors from township hospitals, who reported that they had been unable to provide some medicines following implementation of the NEMS. According to the doctors, problems in drug supply had not only compromised service quality and clinic revenue but had also led to a misperception, among patients, that the doctors were unwilling to provide care that was not profitable.
Use of the list, zero-mark-up policy and compensation
Doctors and patients at the surveyed health facilities felt that the National Essential Drugs
List was too short. The local authorities in each surveyed locality had added drugs to the standard list (Table 1) , but all drugs on the extended lists were governed by the zero-mark-up policy. Notional arrangements for the compensation of health-care providers varied widely among study sites. In general, however, providers relied on health insurance funds, public health allocations or health finance departments to replace any income lost as a result of the zero-mark-up policy (Table 1) .
Operational impact
Reduced charges for patients
The patients who were interviewed expressed their general satisfaction with the NEMS and believed that real benefits had accrued as a result of it. Expenses for outpatients (including emergency cases) and inpatients recorded in the three study provinces in the postimplementation period were 4.9-14.6% and 7.4-13.4% lower, respectively, than the Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.11.097998
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corresponding values recorded in the pre-implementation period (Table 2) . Reduction in drug expenses was a major contributor to these declines. For example, total and drug expenses for inpatients with pneumonia or bronchitis were 12.6% and 17.5% lower, respectively, in the post-implementation period than in the pre-implementation period (Table 3 ). The corresponding values for inpatients admitted with gastroenteritis -42.6% lower total costs and 48.4% lower drug costs -were even more encouraging.
Increased service uptake at township hospitals
The observed decreases in drug expenses may have contributed to post-implementation increases in the numbers of patients seen at township hospitals. Outpatient (including emergency) visits to the township hospitals in Ningxia, Chongqing and Tianjin were 5.7%, 24.0% and 6.2% higher, respectively, in the post-implementation period than in the preimplementation period. Inpatient admissions to the same hospitals were 41% higher (Ningxia), 24% higher (Chongqing) and 11.8% lower (Tianjin) during the postimplementation period (Table 4 ).
In Ningxia, where both township hospitals and village clinics had implemented the zero-mark-up policy at the time of the present study, the number of patient visits to the village clinics investigated in the post-implementation period of study (when there was a zero-mark-up policy) was 40.8% higher than the number recorded in the pre-implementation period (when a 5% mark-up was allowed) ( Table 4 ). In contrast, in Tianjin and Chongqing, where the zero-mark-up policy had only been implemented in township hospitals at the time of the present study, there was a corresponding 64% decline in patient attendance at the village clinics that were surveyed. In the focus group discussions and interviews conducted in Tianjin and Chongqing, many patients said that, following implementation of the NEMS, they had attended township hospitals rather than the nearer village clinics because drug costs were lower at the township hospitals.
Prescribing behaviour and drug charges
Prescribing practices among the surveyed doctors appeared to have improved following local introduction of the NEMS. For example, exclusion of hormones (such as steroids) and certain antibiotics from the National Essential Drugs List had apparently reduced the (often unwarranted) prescription of such drugs. The training on rational drug use that occurred during the introduction of the National Essential Drugs List may also have improved prescribing practices. At the township hospitals that were surveyed, the mean number of drugs prescribed per patients dropped from 3.8 in the pre-implementation period of study to 3.6 in the post-implementation period, while the corresponding mean charge for drugs dropped from US$ 9.45 to US$ 8.12. However, 49.2% of the patients seen at township hospitals in the post-implementation period of study had received parenteral treatment, compared with just 39.7% in the pre-implementation period. Most (68%) of the doctors interviewed after implementation felt that their prescribing followed the recommended protocols of the NEMS.
Prescribing practices also changed in Ningxia village clinics following the local introduction of the NEMS. In these clinics, post-implementation declines were recorded in the mean number of drugs prescribed per patient (which fell from 2.7 to 2.2), the proportion of patients being prescribed antibiotics (which fell from 54.1% to 37.6%) and the proportion of patients being given drugs by injection (which fell from 18.8% to 14.0%).
Financial impact
Reduced income for doctors
In general, the surveyed doctors who were implementing the zero-mark-up policy were not only earning less than they had before implementation of the NEMS but were also dealing with greater numbers of patients; their salaries and compensatory income had not increased sufficiently to protect their total incomes. In one township hospital in Ningxia, for example, the mean doctor's income had dropped by 17%, while in a township hospital in Tianjin it had dropped by 15% (Table 5 ). The income of the village doctors surveyed in Ningxia had also fallen, by a mean of 22%. Only in Chongqing, which had established a mechanism to compensate staff for anticipated losses before implementing the zero-mark-up policy, had the mean income of a doctor in a township hospital increased following implementation of the NEMS. However, the long-term sustainability of Chongqing's compensation strategy is a cause for concern because the monthly financial support given to some township hospitals in the province during the post-implementation period of study (e.g. US$ 7386 and US$ 14 870
for each hospital supported via the Banan and Yubei health bureaux, respectively) barely covered salaries.
Interviews revealed that the falls in the total incomes of doctors had had a negative impact on the doctors' levels of enthusiasm and satisfaction. Many doctors reported that they had tried to supplement their post-implementation incomes by increasing their fee-for-service , raising doubts about the clinics' viability. 27 The clinical income lost in such clinics was having to be replaced by income from public health activities and other services.
Discussion
We assessed the introduction of China's NEMS in three provinces midway through China's health-sector reform for 2009-2012 and found a mixture of benefits as well as challenges to the scheme's sustainability. Its benefits included reductions in the cost of care and better prescribing practices. Patients expressed satisfaction with the NEMS. However, the reliability of drug supplies was a problem and drug prices had not fallen uniformly despite centralized procurement. The incomes of doctors and health-care facilities had often fallen and the workloads at township hospitals had generally increased without compensatory increases in revenue. This had lowered the morale of many health-care providers. These problems present operational and financial challenges to the NEM's viability and could lead to health-care services being restricted to a few "grassroots" facilities with the ability to implement and sustain the zero-mark-up policy and to county-level facilities, where mark-up is still permitted.
In general, the main objectives of the NEMS -to improve equitable access to essential medicines and reduce the out-of-pocket expenditures of patients in poorer communities of China -were being achieved in the provinces investigated. Reduced expenditure on outpatient and inpatient care, partly through the use of the rural cooperative medical (insurance) scheme to reimburse patients for drug costs and other charges, almost certainly contributed to the increase in service uptake observed in most study areas. The postimplementation reduction seen in inpatient numbers in Tianjin was probably the result of financial limits on the numbers of patients that some facilities were willing to admit. In Ningxia, where both township hospitals and village clinics had implemented the zero-markup policy at the time of the present study, the number of patient visits to the village clinics that were surveyed had risen by a mean of 41%, probably augmented by other initiatives in the province. In contrast, in Chongqing and Tianjin, the number of patient visits to village clinics had fallen massively following introduction of zero mark-up at township hospitals.
These changes, and the observation that the post-implementation increase in the number of patients admitted to township hospitals was proportionally greater than the corresponding increase in outpatient numbers, would also have been influenced by the rural cooperative medical (insurance) scheme, which provided limited or no compensation for outpatient charges in 2010. 28 Other research has revealed the impact of changes to China's health financing on patient numbers 29 and a mixture of increased public funding and increased membership of health-insurance schemes will almost certainly be required to sustain health services in the country. 28 The observed problems with the supply of certain drugs may influence the distribution of service contacts among village-, township-and county-level providers, as patients seek care where their needs can be most reliably and affordably met.
Such a trend, which could undermine China's attempts to provide equitable community access to services, must be carefully monitored and regularly evaluated.
The observation that the NEMS may be reducing the number of drugs prescribed is encouraging. In township hospitals, the mean numbers of drugs of all types and of antibiotics prescribed fell after the NEMS was implemented. Surprisingly, the use of injections became more common but this was probably because doctors, who can charge for giving injections, were trying to boost their incomes. Reduced prescription of both steroids and antibiotics but increased use of injectable drugs were also observed in a pre-NEMS pilot study in Ningxia, 27 and in a separate government evaluation. 28 The fall in injection rate recorded in the village clinics in Ningxia may reflect a preference, among patients with conditions that require treatment with injectable drugs, for the generally higher standard of care and cheaper essential drugs available at township hospitals. Although the observed changes in prescribing practices were encouraging, the survey substantiated earlier indications that doctors are seeking and using other forms of revenue to compensate for income lost because of the zeromark-up policy. 29 To avoid the unnecessary use of drugs, local authorities may have to limit the sale of drugs that are not on the National Essential Drugs List, although resistance to this practice should naturally wane as patients realize that the rural cooperative medical (insurance) scheme will not reimburse them for the purchase of unlisted drugs.
The NEMS aims to regulate the supply and cost of essential drugs at township and village levels. However, its price controls and recommended procurement procedures have adversely affected the supply of some drugs that are on the National Essential Drugs List.
The production of some essential drugs by some manufacturers may cease because the NEMS has severely curtailed the profit to be made by the manufacturers, who claim that the relevant "ceiling" prices have been set too low. Many health-care providers complained that the prices they were paying for some drugs after implementation of the NEMS were higher than those they had paid immediately before the NEMS was introduced in their facility. In China, as elsewhere, the pharmaceutical industry's need for profit competes with the government's objective of ensuring the affordability of essential medicines. 3 There have been previous reports of drug price-fixing and drug shortages in the country 28 and such problems will need careful monitoring.
Province-level health authorities are not totally satisfied with the standard National Essential Drugs List, and local adaptation of the list with the addition of other drugs is the norm. 23 A senior official in China, while noting that numerous health authorities have deemed the standard National Essential Drugs List to be inadequate, has rightly questioned the concept of such a list if drugs can be added to it without limit. 30 Given China's Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.11.097998
Page 13 of 24 decentralized health system, it may be difficult to ensure that affordability and medically appropriate treatment are maintained following the local adaptation of the National Essential Drugs List. It is important that local adaptations to the list are undertaken in collaboration with the administrators of the rural cooperative medical (insurance) scheme at each level of the health system, to ensure that any changes are affordable to the insurer.
Although the low incomes of health-care providers in rural China are recognized as a major problem, 27 any measures to markedly raise them appear to be difficult to sustain.
Following the local introduction of the NEMS, doctors' incomes in the provinces investigated in the present study had either fallen (Ningxia and Tianjin) or been maintained only by following a strategy that appears unsustainable (Chongqing). In many of the surveyed areas, a compensation policy had been formulated but not implemented. Budgetary shortfalls threaten the size, activity and very existence of many township hospitals. As observed by others, "unless separation of (provider) revenue and expenditure accounts is implemented and local governments fully support implementation, zero mark-up is not likely to be sustainable" in China. 5 Major reform of China's decentralized health system relies fundamentally on the willingness and capacity of the relevant authorities at relatively low levels of government to formulate policy details, implementation mechanisms and financing arrangements. 31,32 The responsibilities of low-level health-care providers and the importance of their support will only increase as village doctors are encouraged to play an ever-increasing role in China's health system. 33 Our research confirms the conclusion drawn by a Ministry of Finance researcher 34 and the Xinhua News Agency 35 that the long-term success of the NEMS will depend largely on local subsidies. Just as health care in China became unaffordable for many patients, recent health-sector reform may become unaffordable for the national government. 36 In addition to doctors seeking alternative income sources, 29 in some counties healthinsurance funds and basic public-health funds are being used to compensate doctors for the income they have lost as a result of zero mark-up. In both Tianjin and Chongqing there are problems with how such compensation is calculated: Tianjin uses the previous year's drug income to formulate the compensation amount, allowing for an increase if drugs sales rise, whereas Chongqing prepays 15% of the previous year's drug sales to subsidize its health facilities (Table 1) . Compensation based on previous practice still encourages doctors to over-prescribe and, when faced with several options, to prescribe the most expensive drug.
This perpetuates the problem of drugs being chosen to benefit the incomes of doctors as much as the health of patients. In summary, our research in rural areas echoes the World Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.11.097998
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Bank's conclusion from pilot studies on zero-mark-up policies in urban areas: that "…a close eye must be kept on the sustainability of the zero-mark-up policy, primarily because a mechanism has not yet been worked out on how to compensate hospitals for their lost revenues".
5
Limitations
The present study has several limitations in addition to those common to all qualitative research. First, only three of China's provinces were studied and interventions similar to some of those recommended in the NEMS had previously been performed in Ningxia and Tianjin. In Ningxia, for example, unified public bidding, distribution and pricing for drugs, and a pilot 5% limit on the mark-up permitted for drugs, had been introduced in 2006. According to the staff of the Ningxia provincial health bureau, these strategies resulted in drug prices in Ningxia being a mean of 49.5% lower than the national maxima and overall drug costs in township hospitals falling by 48.6% (unpublished data). Tianjin was also piloting earlier iterations of the recent health-sector reform before the NEMS was introduced in the province. Prior experience of similar strategies may have already prepared the healthcare providers of Ningxia and Tianjin for the changes required for the implementation of the NEMS. Therefore, the conclusions drawn from the data collected in these areas, for the present study, may not be applicable to locations in China that have no prior experience in the control of drug prices and procurement.
A second limitation of our study is that we collected post-implementation soon after the introduction of the NEMS. At that stage, local government may simply not have had enough time to meet the challenges posed by the EMS: neither Ningxia nor Tianjin had implemented their policies for drug-revenue compensation; only Ningxia had introduced the zero-mark-up policy at the village level, and Chongqing had not adapted the National Essential Drugs List. Given China's rapid economic development, it may be that all the issues identified in this study will be solved as the financial capacity of local government improves.
However, measures to keep the costs of health care low for consumers from the poorer sectors of the population will still be important. Unfortunately, many health-care providers appear to be seeking ways to maintain or increase their incomes at patients' expense.
The present findings cannot be regarded as representative of all of China. Rural districts in Tianjin and Chongqing are generally wealthier than rural counties elsewhere in the country and Ningxia, although poorer than most provinces in China, has been very Publication: Bulletin of the World Health Organization; Type: Research Article ID: BLT.11.097998
progressive in introducing equity-enhancing pilot schemes for health financing and service reforms.
As the introduction of the NEMS is occurring in the context of comprehensive healthsector reform in China and was, in 2009, a high-priority element of that reform, it was not possible to include matched control sites in late 2010. Roll-out of the NEMS in each of the three surveyed provinces was rapid. With other interventions being simultaneously introduced as part of the wider reform, the changes recorded in the present study in healthcare costs, patient uptake of services and the relative importance of various sources to healthfacility income cannot be entirely attributed to the NEMS. In particular, improvements in rural health insurance have increased service uptake. 13 General improvements in household income, basic education, public transport and road access may also have contributed to the increases seen in patient numbers. However, all of the observed changes in drug availability and expenditure and prescribing practices are probably attributable to the NEMS.
Despite the limitations of the present study, the main changes observed following implementation of the NEMS were predictable, impressive and worrisome in some respects. The results presented here indicate that the NEMS is having its intended impact on drug prices overall. The NEMS also appears to be associated with increased uptake of health services and, probably, more rational drug prescribing. It seems to be regarded positively by patients, despite the new shortages of some drugs. In addition to the suggestions made above, we recommend that the National Essential Drugs List be expanded by the national government and that its local adaptation in China, as in Australia, 37 Unfortunately, the implementation of the NEMS has left many health-care providers unhappy with lower incomes despite higher workloads. More guidance is needed, from the national level, on options for provider compensation and on whether the basic public-health funds provided as part of recent health-sector reform may be used to supplement the salaries of village doctors. The sustainability of the NEMS and, in particular, the zero-mark-up policy, like that of most of China's recent reforms, 31 will largely depend on financial inputs from local governments. However, local governments should perhaps not be given too much responsibility for the detailed design and funding of the NEMS, as this could also threaten the NEMS's viability. 22 Until the link between drug sales and the incomes of health-care providers and facilities is broken, the full realization of the intended benefits of the NEMS will remain a great challenge. 
